Considering the emergence of more and more distribute generation (DG) units and based on the conception of virtual power plant (VPP), this paper aims to illustrate two kinds of real time control strategy in dispatching active power among DG units. One is the simplicity automatic control approach, and the other is the efficiency automatic control approach. The optimization accounting for the DG capacity constraints, and equilibrium between generated power and load, is well solved by the interiorpoint approach. It can be concluded from the simulation results that, by using the efficiency automatic control approach, the efficiency of VPP including three DG units could be significantly improved compared to the using of simplicity automatic control approach.
Introduction
It is the trend for the progressive liberalization of the electricity sector and the subsequent transition to a decentralized system [1] , as well as the distributed generation (DG) units in alternative to traditional generation, especially the renewable sources. More and more new ways of planning, managing and operating transmission and distribution networks may contribute to the access of different kinds of distributed energy resources (DERs) in facing the lack of fossil fuel, the terribleness of air pollution, and environmental problems [2] , [3] . With more and more different DG units [4] are integrated, the electric system will experience much more new challenges [5] . As the penetration of DERs in the distribution network, technical, commercial and regulatory barriers have emerged and should be tackled [2] .
Virtual power plants (VPP) can manage the DG units in an active control paradigm to participate in both energy and ancillary service markets. Setiawan in [6] presented the definitions and types of VPP. Three DG control approaches have been introduced by numerical simulation: Basic Autocontrol System (BAS), Smart Autocontrol System (SAS) and Tracking Efficiency Autocontrol System (TEAS). In [7] , the authors presented a method for designing and operating the price signal controlled VPP. In [8] , the authors proposed an optimization algorithm to achieve maximum profit achieved from selling of energy. [4] , [9] , and [10] presented optimal dispatch schedules based on linear programming. However, most of the aforementioned results concerning the forecasted prices and loads, measuring the DG hourly or quarterly production may not be real-time controls, and resources waste may not be minimal when the loads change largely or frequently. In this paper, the optimization problem is formulated as minimization algorithm with constraints, where the objective function is the speed of energy consumption of the VPP with supply of active power for all the loads, and a real time control algorithm of active power output of each DG units in a VPP is to be established in a feasible way.
The rest of this paper is organized as follows. In Section 2, the VPP model is introduced and some necessary illustrations are provided. In Section 3, two types of VPP control system are explained in detail. One is simplicity automatic control system (SACS), and the other is efficiency automatic control system (EACS). Centralized VPP model with three DG units is introduced in Section 4, and the simulation models of the two control systems are also shown in Section 5. In Section 6, simulation results are provided and some comparison results are also given. Finally, this paper is completed with a conclusion and some remarks.
Virtual Power Plant Model
VPP concept is proposed with the idea of aggregating the capacity of many DERs, such as generation, storage, or demand, and committed to create a single operating profile for power system. It can be roughly summarized as: aggregation control of a number of DG units, grid connected and installed near loads [2] , [11] .
To aggregate the DG units either for trading electrical energy or providing system support services, the aggregation control of VPP can be centralized or decentralized system. Because of many different goals like, operation of a VPP can be decreasing the cost of production, consumption of fossil fuels, air pollution, and maximizing the usage of renewable resources and energy storage systems [3] .
The standard paradigm of centralized control can be established (as shown in Figure 1 ), where the DG units are combined together in an integrated entity and controlled by control coordination center (CCC) [12] . By this way, individual DER would gain visibility and manageability to system operators, which optimize the output of each DG unit to aggregate the DG units either for trading electrical energy or providing system support services. Step Down Transformer 20kV-0.4kV Figure 1 . The diagram of centralized virtual power plant
Two Types of VPP Control
In contrast with the DG units connected to the main grid separately, the VPP model can meet the load capacity demand not only the local DG, but also the others belonging to the same VPP unit. VPP can do its duties just with existence of an internal energy management CCC to balance the loads and productions. In this paper, two simple control approaches are considered as follows:
VPP Model under Simplicity Automatic Control System (SACS)
SACS can be used to minimize the power import from the main grid, which was described detailed in [6] and named as smart automatic system (SAS). As the central controller, CCC is consisting of interface and logic algorithms, which are responsible for the DG units power dispatch by controlling the information exchanging from the load signals. Thus, the DG units are able to dispatch power to the loads by means of logic algorithm in CCC. The schematic diagram of logic algorithm of SACS in CCC is shown in Figure 2 , where Pdi is the signal of active power demand from load i, and △Pdi is the signal of remaining active power demand from load i. Now one VPP as a deputy of some DG units, assures to supply sufficient energy for its loads, and specifies the penalties of each DG unit according to their contracts and priorities [3] . . Simplicity logic algorithm in CCC Although the block logic algorithm and the interface of DGi are located together, the SACS can also be used in the decentralized VPP. The DG units in the SACS of VPP are based on ring topology. The procedure in SACS is each DG unit feeds the allocated local load until the maximum capacity. While the load exceeds the DG feeding limit, the next DG unit will try to cover the remaining part. If the remaining load can not be covered by coordination of three DG units, the power will be imported from the main grid. SACS can be used in the real-time control of VPP.
VPP Model under Efficiency Automatic Control
System (EACS)
Model of EACS
The control model where efficiency logic algorithm can be used to design the controller is shown in Figure 3 . In this model, it is able to execute both technical and economical functions, in order to gain more benefit of integration of DERs. Based on the SACS, EACS considers the efficiency of the VPP, including all DG units. This can be used in the condition of the loads seeded by DG units in VPP. That is to say, when the total of the loads capacity does not reach the total capacity of all DG units, EACS can optimize the efficiency among the well-produced DG units. 
The efficiency optimization function for EACS
The problem of efficiency optimization is concerned with minimizing the function, which is the speed of total energy consumption of the DG units in VPP, subject to bounded constraints on the variables: 
max max max ,1 , 
Model of Centralized VPP for Simulation
In the simulation results, three DG units are located near to the loads, and the VPP takes the CCC strategy. The VPP is divided into five major model components here: main grid model, distributed generation model, dynamics load model, transmission lines and transformer model, and CCC and measurement units. The VPP is consisted of three DG units which operate parallel with the main grid and three dynamics loads. The base voltage of the main grid is 20 kV (Vrms L-L) and the frequency system is 50 Hz. In the system, the primary side busbar of the only one transformer is 20 kV, and the secondary busbar connecting to distribution line is 400 V. The fixed loads are represented by resistive load [6] .
Distributed Generation Model
The distributed generation model includes synchronous machine, hydraulic turbine governor and excitation model. In the simulation results, three DG units with different efficiency are interconnected into the distribution grid. In this case, the active power output and efficiency of the three DG units are shown in Figure 4 . The model of DG includes a unit synchronous machine equipped with distributed generation controller (DGC), which is consisted of two important parts: hydraulic turbine governor and excitation. 
Three Phase Dynamic Load Model
The dynamic load model implements a three-phase dynamic load with active power and reactive power defined by an external vector of two signals [P, Q]. Three dynamic loads are assumed to consume active power [P] only (no reactive power load/demand).
Two Types of VPP Control (3DGs)
The centralized VPP in simulation results has a CCC controller, which can be inserted by different kinds of control algorithms. Two types of them have been shown in the last section, next we will show the VPP of three DG units.
SACS for Simulation
For the VPP with three DG units, the simplicity logic algorithm in CCC (as shown in Figure 5 ) [6] , sets the procedure in feeding the three dynamic loads. The maximum capacity of each DG unit feeding the allocated local load is set to 29 kW.
EACS for Simulation
According to the KKT conditions, the minimal speed of energy consumption could be derived by using the interior point. For each 0   , the approximate problem of the optimal active power output of the DG units is: 
Case Study
The demand of each load and output of each DG unit are shown in Figure 5 . The blue line is the demand of each dynamic load. The red line is the active output of the DG unit under simplicity automatic control system. The green line is the active output of the DG unit under efficiency automatic control system.
For SACS, in Stage I, each load is fully covered by its DG unit. While coming to Stage II, load 1 is increasing over the maximum capacity of DG 1, and the active power outputs of DG 2 and DG 3 are increasing to cover it. During the Stage III, load 3 is decreasing significantly, then the active power output of DG 3 is decreasing too. As is shown in Figure 6 , the red line is the total active output of VPP, which can match the total loads well. For EACS, from the Figure 5 and Figure 6 , it can be seen that, the three DG units can cover the three loads as well. Additionally, the load demand in the second figure of Figure 5 is covered with the red curve.
However, the efficiency of this VPP model, both under SACS and EACS, are shown in Table 1 and Table 2 . The simulation contains three stages, the data of active power output and energy consumption speed for each DG units have been collected or calculated. Then the data of efficiency is ordinarily signed up in the table too. Finally, it can be found that, VPP under EACS is more effective than that of SACS. 
Conclusion
In this paper, the general concept of VPP has been concisely illustrated and analyzed, where the centralized and decentralized VPP were installed in as to be simplicity or efficiency automatic control system. The active control of centralized VPP among its DG units in a real-time and efficient could be realized. Both of two kinds of automatic control systems, including SACS and EACS, have been proved to be effective in balancing the active power between the DG units and the loads in different ways. Counting the loads together, SACS cycles the DG units to exchanging their active power information one by one. Based on the efficiency automatic controller, which has established the relationship between , DG i P and d P , EACS could improve the efficiency of VPP extremely. By using the interior point method, a real-time efficiency control has been presented for the coming electrical services of DG units.
